This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



• S7 ^ fU 1 37 491 01 



JO 3009520 
JAN 1991 



91-061373/09 A32 " ASAH 06.06.89 

ASAHI CHEMICAL IND KK * JO 30O9-82O-A 

06.06.89-JP-l 42057 07,01.91) B29c-45 

Moulding of hollow plastic without burr - comprising forcing high 
pressure and then low pressure gas Into moulding cavity contg. 
resin 

C91-025973 



Injection moulding of plastic comprises, after the pointed end of the 
injection nozzle is contacted with the sprue of the injection moulld a 
molten resin Is injected into the moulding cavity. Then, high pressure 
gas is blown into the moulding cavity from the gas injection nozzle to 
make the gas passage in the molten resin low pressure gas is blown 
into the moulding cavity from the gas injection nozzle to mould the 
hollow resin while the moulding cavity is widened. Thereafter, the 
hollow resin is solidified by cooling while the gas pressure in it is 
maintained. 

ADVANTAGE - The hollow plastic is prevented from being 
formed with burr. (6pp Dwg. No. 0/3) 
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Specification 

1 . Title of the Invention 

Molding Method for Hollow Molded Object 

2. Claims 

(1) Molding method for a hollow molded object, wherein © molten 
resin is injected into a mold cavity from an injection nozzle, © high-pressure fluid 
is injected into the mold cavity to form a fluid passage inside the molten resin, 

(D low-pressure fluid is injected as the mold cavity is expanded to form the 
molten resin inside the cavity into a hollow molded object, ® the fluid pressure is 
maintained inside the hollow molded object as the molten resin cools and 
hardens, and ® the hollow molded object is removed after the fluid inside the 
hollow molded object has been released. 

(2) Molding method for a hollow molded object in accordance with 
claim (1), wherein the fluid pressure of the high-pressure fluid is greater than 10 
Kg/cm 2 G, and the fluid pressure of the low-pressure fluid is less than 10 
Kg/cm 2 G. 

(3) Molding method for a hollow molded object in accordance with 
claim (2), wherein the low-pressure fluid is injected, and the high-pressure fluid is 
removed all at once at a level lower than the injection pressure of the low- 
pressure fluid. 
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(4) Molding method for a hollow molded object, wherein © molten 
resin is injected into a mold cavity from an injection nozzle, © high-pressure fluid 
is injected into the mold cavity to form a fluid passage inside the molten resin, 
the injection of high-pressure fluid is stopped, and the mold cavity is expanded to 
form the molten resin inside the cavity into a hollow molded object, (D the fluid 
pressure in the hollow portion of the hollow molded object is maintained while the 
low-pressure fluid is injected, ® the fluid pressure is maintained inside the hollow 
molded object as the molten resin cools and hardens, and (D the hollow molded 
object is removed after the fluid inside the hollow molded object has been 
released. 

(5) Molding method for a hollow molded object in accordance with 
claim (4), wherein the fluid pressure of the high-pressure fluid is greater than 10 
Kg/cm 2 G, and the fluid pressure of the low-pressure fluid is less than 10 
Kg/cm 2 G. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to a method for molding a hollow molded 
object by injecting a high-pressure fluid into the mold cavity in addition to the 
molten resin. 
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[Prior Art] 

In the injection molding method for a hollow molded object of the prior art, 
a molten synthetic resin is injected into a metal mold cavity so as not to 
completely fill the mold cavity, and a gas is injected into the mold cavity from the 
same opening alone or with the molten synthetic resin to completely fill the mold 
cavity (Japanese Examined Patent Application Disclosure No. 57-14968 and US 
Patent No. 4,101,617). 

Compared to the blow molding method, this method provides for better 
surface mold reuse and produces fewer burrs (hardened overflow). 

[Problem Solved by the Invention] 

However, the injection of increased pressure (high-pressure) gas causes 
burrs to form between mold sections, requiring cutting or grinding to remove the 
burrs. 

In order to prevent the formation of burrs, excessive pressure has to be 
applied to hold the metal mold sections together. As a result, the metal molds 
have to consist of pressure-resistant materials and designs. 

In the case of large volume hollow sections, a substantial amount of high- 
pressure fluid has to be used. As a result, a larger metal mold has to be 
prepared for high-pressure fluid injection. 

The purpose of the present invention is to provide an injection molding 
method for hollow molded objects with large hollow sections that represents an 
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improvement over the method of the prior art in that burrs are not formed thereby 
making the cutting and grinding process unnecessary. 

[Means of Solving the Problem (and Operation)] 

The present invention is a molding method for a hollow molded object, 
wherein © molten resin is injected into a mold cavity from an injection nozzle, 
© high-pressure fluid is injected into the mold cavity to form a fluid passage 
inside the molten resin, (D low-pressure fluid is injected as the mold cavity is 
expanded to form the molten resin inside the cavity into a hollow molded object, 
and ® the hollow molded object is removed after the fluid inside the hollow 
molded object has been released. 

The following is an explanation of each step. 
(1) Extrusion Step [FIG 1 (a)] 

The synthetic resin used in the present invention can be any thermoplastic 
resin, thermoplastic elastomer or heat-cured resin ordinarily used in the injection 
molding process. Additives and fillers commonly known in the art can also be 
used. Thermoplastic resins, thermoplastic elastomers or combinations of these 
are recommended. 

The injection molding step can involve a single resin or multiple 
components. 

The amount of molten synthetic resin 3 injected into the metal mold 2 
should not be sufficient to completely fill the mold cavity 8 in the mold 2. 
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However, it can also be equal to the inner capacity of the mold cavity 8 or 
exceed the inner capacity of the mold cavity 8 (so-called overfill). 

(2) High-Pressure Injection Step [FIG 2 (b)] 

The high-pressure fluid used in the present invention can be nitrogen gas, 
carbon dioxide gas or air. Generally speaking, it should not be harmful or liquefy 
at molding temperatures and injection pressures. However, a fluid or oligomer 
that is incompatible with the molten synthetic resin can also be used. The fluid 
pressure should be greater than 10 Kg/cm 2 G, and ideally greater than 50 
Kg/cm 2 G. 

As shown in FIG 1 , the high-pressure fluid is injected from a fluid nozzle 4 
fitted inside the injection nozzle 1 . The injection nozzle 1 is secured inside the 
sprue 9, and the high-pressure fluid is injected into the sprue 9 of the metal mold 
via the resin injection port 6. 

The high-pressure fluid can be injected ® with the remaining molten 
synthetic resin 3 after some of the molten synthetic resin 3 has been injected, 
® following the injection of all of the molten synthetic resin 3, or <D some time 
after the injection of all of the molten synthetic resin 3. 

The injection of the high-pressure fluid forms a gas passage 10. The gas 
passage 10 formed by the injection of the high-pressure fluid is adequate if it is 
formed near the resin injection port 6. 

The high-pressure fluid can be injected from one location as shown in the 
drawing or from two locations. 
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(3) Low-Pressure Injection and Mold Cavity Expansion Step [FIG 1 (c)] 

The mold cavity 8 is expanded while the low-pressure fluid is injected to 
form a hollow molded object 5. 

The low-pressure fluid can be injected once the fluid passage 10 has 
been formed by the high-pressure fluid or directly after molding. Ideally, the 
high-pressure fluid should be removed all at once at a level lower than the 
pressure of the low-pressure fluid. The pressure of the low-pressure fluid should 
be less than less than 10 Kg/cm 2 G. 

When the low-pressure fluid is injected once the fluid passage 10 has 
been formed by the high-pressure fluid or directly after molding, the expansion of 
the mold cavity 8 also expands the fluid passage 10, and the low-pressure fluid 
is injected as the pressure of the high-pressure fluid is lowered beneath the 
pressure of the low-pressure fluid. 

The mold cavity 8 is expanded by gradually sliding mold section 2b to 
form a hollow molded object 5 with a larger hollow section. The high-pressure 
fluid can be injected instead of the low-pressure fluid during the mold cavity 
expansion stage to prevent burrs from forming and to avoid problems associated 
with the sliding of the mold. 
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(4) Cooling and Hardening Step [FIG 1 (d)] 

During cooling and hardening, pressure is maintained inside the mold 2 by 
the injection of low-pressure fluid. This occurs with the injection nozzle 1 
attached securely to the sprue 9. 

The maintenance of pressure inside the mold 2 presses the outer surface 
of the hollow molded product 5 into the inside surface of the mold cavity 8 to 
improve reuse of the mold. 

(5) Ejection Step [FIG 1 (e)] 

The fluid is discharged from the mold 2 via the fluid injection port 7 while 
maintaining a seal between the resin injection port 6 in the injection nozzle 1 and 
the mold 2 as well as between the fluid injection port 7 in the fluid nozzle 4 and 
the mold 2. 

In other words, the fluid nozzle 4 inside the injection nozzle 1 and the 
sprue 9 are maintained in the same state during the gas injection step and the 
cooling and hardening step. As a result, the removal of the injection nozzle 1 
from the sprue 9 keeps the gas under pressure inside the mold 2 from being 
released into the atmosphere. It also allows the fluid injection port 7 to be used. 

The gas under pressure is released into the atmosphere via the fluid 
injection port 7 during the discharge step or into a container for reuse. 
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(6) Extraction Step [FIG 1 (f)] 

After the fluid has been discharged, the mold 2 is opened and the hollow 
molded object 5 is removed. Pressure can be applied to the mold 2 using the 
injection nozzle 1 and the fluid nozzle 4 to release the object from the mold 2. 
After the object has been released by applying pressure to the mold 2, the mold 
2 is closed and returned to the injection step. After release from the mold 2, the 
mold 2 can also be closed using pressure applied by the nozzles before being 
returned to the injection step. 

[Working Examples] 

The device in FIG 2 using a working example of the present invention will 
be explained first. 

The mold 2 consists of mold sections 2a, 2b that can slide with respect to 
each other. 

Here, 1 is the injection nozzle used to inject a molten synthetic resin 3 
using a screw 11. It has a resin injection port 6 at the tip and a fluid nozzle 4 on 
the inside. Because the injection nozzle 1 can be inserted and extracted from 
the mold 2, the advancing tip applies pressure to the sprue 9 in the mold 2 and 
forms a seal between the resin injection port 6 and the mold 2 as well as the fluid 
injection port 7 in the fluid nozzle 4 and the mold 2. 

The fluid nozzle 4 inside the injection nozzle 1 has a gap surrounding it 
through which the molten synthetic resin 3 passes. During the fluid injection step 
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described above, the fluid is injected into the mold 2 via the injection port 6 from 
the fluid injection port 7 at the tip of the nozzle. 

The fluid nozzle 4 is connected to the high-pressure and low-pressure 
fluid supply passages. During injection of the high-pressure fluid, the pressure is 
raised by a pressure-raising device 12 connected to the high-pressure fluid 
source 13, via an opening and closing valve 14. After the fluid passage (10 in 
FIG 1) has been formed, the high-pressure fluid is discharged via the discharge 
valve 15, and the low-pressure fluid is injected via from the low-pressure fluid 
source 16 via an opening and closing valve 17 while mold section 2b is sliding. 

In another configuration, valve 14 is opened, at least some of the fluid 
passage (10 in FIG 1) is formed, valve 14 is closed, the capacity of the fluid 
passage (10 in FIG 1) is increased by the sliding of the mold section 2b. When 
the fluid pressure inside the fluid passage is at least as low as the pressure of 
the low-pressure fluid, valve 17 is opened, and the low-pressure fluid is injected 
from the low-pressure fluid source 16 via the valve 17. The sliding of the mold 
section 2b is stopped, and the pressure inside the mold 2 is maintained at the 
pressure of the low-pressure fluid when the mold 2b reaches the sliding power 
source. 

In another configuration, the device in FIG 3 is used. The opening and 
closing valve 14 is opened, at least some of the fluid passage (10 in FIG 1) is 
formed, valve 14 is closed, valve 17 is opened, and the capacity of the fluid 
passage (10 in FIG 1) is increased as the mold section 2b is sliding. The 
pressure of the high-pressure fluid is reduced as the capacity of the fluid 
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passage expands, the low-pressure fluid is supplied from the low-pressure fluid 
source 16, and the mold cavity 8 is expanded by the sliding mold section 2b at 
the pressure of the low-pressure fluid. The pressure of the low-pressure fluid 
presses the outer surface of the hollow molded object 5 into the inner surface of 
the mold cavity 8 so the mold can be reused. 

The sliding section 2b of the mold 2 can involve all or some of the mold 
cavity 8 inside the mold 2. There can also be multiple mold cavities. If there are 
multiple mold cavities, a molded object with multiple hollow sections can be 
produced. 

Working Example 1 

The device shown in FIG 2 is used to injection mold a round hollow 
molded object 5 with a diameter of 200 mm and a thickness of 14 mm. 

The synthetic resin is polystyrene (Styron 470 manufactured by Asahi 
Chemical), which is melted at 200°C. The tip of the injection nozzle 1 is attached 
to the sprue 9, which is initially 7 mm of the mold cavity 8 in the mold 2, and 220 
g of the molten synthetic resin 3 is injected into the mold 2. The high-pressure 
fluid injected into the mold 2 at 80 Kg/cm 2 G is nitrogen gas. 

The mold section 2b slides 7 mm, the mold cavity 8 is expanded, the high- 
pressure gas is discharged, and the low-pressure fluid (nitrogen) is injected at 8 
Kg/cm 2 G. 

The molten synthetic resin 3 inside the mold 2 is cooled and hardened 
with the injection nozzle 1 kept in place, and the gas inside the mold 2 is 
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discharged. The mold 2 is then opened, and the hollow molded object 5 is 
released. 

The result is a hollow molded object that is 54% hollow. The hollow 
molded object has an excellent surface free of burrs. 

Working Example 2 

The device shown in FIG 3 is used to injection mold a round hollow 
molded object 5 with a diameter of 200 mm and a thickness of 14 mm. 

The synthetic resin is polystyrene (Styron 470 manufactured by Asahi 
Chemical), which is melted at 200°C. The tip of the injection nozzle 1 is attached 
to the sprue 9, which is initially 7 mm of the mold cavity 8 in the mold 2, and 220 
g of the molten synthetic resin 3 is injected into the mold 2. The high-pressure 
fluid is nitrogen injected into the mold 2 at 60 Kg/cm 2 G for 6 seconds via open 
valve 14. 

Valve 14 is closed, valve 7 is opened, mold section 2b slides 7 mm, the 
mold cavity 8 is expanded, the high-pressure gas is discharged, and the low- 
pressure fluid (nitrogen) is injected at 8 Kg/cm 2 G. 

The molten synthetic resin 3 inside the mold 2 is cooled and hardened 
with the injection nozzle 1 kept in place, and the gas inside the mold 2 is 
discharged. The mold 2 is then opened, and the hollow molded object 5 is 
released. 

The result is a hollow molded object that is 54% hollow. The hollow 
molded object has an excellent surface free of burrs. The amount of nitrogen 
used is also reduced. By continuously lowering the gas pressure against the 
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inner surface of the hollow section, the hollow molded object can be cooled at 
the 8 Kg/cm 2 G pressure of the low-pressure gas. This keeps the non-hollow 
section of the molded product from developing cracks. 

[Effect of the Invention] 

As explained above, the present invention has the following effects. 

(1 ) Because the hollow molded object is formed by expanding the 
mold cavity, a molded object can be formed with a 15-70% larger hollow section. 

(2) Because a low-pressure fluid is injected into the expanded mold 
cavity after the high-pressure fluid has been injection, a burr-free molded object 
can be obtained, mold surface reuse is excellent, and a mirror-like surface 
application is possible. 

4. Brief Explanation of the Drawings 

FIG 1 (a) through FIG 1 (f) are drawings used to explain the method in the 
present invention. FIG 2 and FIG 3 are drawings used to explain devices 
employing working examples of the present invention. 

1: injection nozzle; 2:; mold; 3: molten synthetic resin; 4: fluid nozzle; 
5: hollow molded object; 6: resin injection port; 7: fluid injection port; 
8: mold cavity; 10: fluid passage 
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